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Abstract. This paper describes UbiquiTO, an adaptive tourist guide, conceived 
as a “journey companion” for mobile users in Turin, aimed, for the current pro-
totype, at supporting mobile workers helping them to organize their late after-
noon and evening in town. The paper is intended to emphasize the most rele-
vant feature of the system, that is the integration of different adaptation strate-
gies in order to allow high flexibility in terms of device used, localization tech-
nology, user preferences and context conditions. 
1   Introduction 
The convergence of pervasive computers and communication networks offers new 
opportunities and challenges for systems designers and the exponential diffusion of 
devices such as PDAs and smart phones drives in the same direction, but the oppor-
tunity to use and profit from digital services depends on the possibility of adaptation 
to the mobile context, including input/output modalities, goals and location of the 
user, and so on. In particular, we think that the last feature represents a real add-on to 
common digital services, enabling the so-called location based services. Moreover, in 
order to make mobile services really useful and profitable, the characteristics and 
preferences of the users should be taken into account. 
In this paper we describe UbiquiTO, an agent-based expert tourist guide for mobile 
users (the first prototype focuses on mobile workers), filtering the information and 
delivering it in the most appropriate way, depending on different factors: (a) Tourist 
services are provided according to the location of the user. (b) The user interface 
adapts to different types of devices; in the current prototype, we focused on PC and 
PDA. (c) The system exploits user profiles, including her interests, preferences and 
her previous visits to Turin, in order to provide personalized suggestions. (d) The 
interaction is adapted taking into account a set of context parameters such as the time 
of the day, the fact that the user is moving, and so on. Moreover, services are pro-
vided in two different ways: as consequence of explicit request from the user, who 
asks for a specific support (e.g., to find a hotel or a restaurant, or to get information 
about events or places of interests); by proactive activation, when the system itself, in 
specific situations, depending on the adaptation strategies mentioned above, autono-
mously provides the user with tourist advices. In the following, Section 2 provides an 
overview of the system architecture; Section 3 presents some details about the differ-
ent forms of adaptation; Section 4 concludes the paper and compares UbiquiTO to 
some related works. 
2   UbiquiTO Architecture 
UbiquiTO architecture includes four main agents: the Recommender exploits the 
personalization rules to suggest items tailored to the user preferences and location; 
the Presentation Adapter exploits the adaptation rules to adapt the presentation (e.g. 
descriptions) to the user preferences, the device characteristics, and the context; the 
Interaction Manager handles the dialog with the user: each dialog step corresponds to 
the generation of a XML object representing the personalized content of the page to 
be displayed; the UI Generator handles the application of XSL stylesheets that trans-
form the XML object into the (X)HTML pages representing the User Interface (UI), 
taking into account the different characteristics of the devices and the context fea-
tures. 
The architecture also includes four specialized modules, which handle, respec-
tively, the user profile, the model of the device, the information about the location 
and a model of the context (environment conditions). Each specialized module ex-
ploits specific features stored in two main databases: the users DB and the places DB. 
3   Adaptation Strategies 
As several studies suggested (e.g., [3]), adaptation techniques can be effectively ex-
ploited to handle the interaction in mobile user interfaces. In the current prototype, 
two user interfaces have been designed: one for PC and one for PDA (see Figure 1). 
The system can generate an adaptive version (AV) and a non-adaptive version (NAV) 
of both user interfaces. 
Adaptation of Content. In the AV, in order to suggest places to visit, restaurants, 
accommodations and so on, the Recommender assigns a score to each item and orders 
them. The computation of this score takes into account: (a) the user’s interest in the 
category the item belongs to; (b) the proximity of the item to the user position, in case 
the user exploits a mobile device. In the NVA, the items are ranked only according to 
their popularity. Moreover, in the AV, when the system is asked to provide an item 
description, it adds a list of suggestions tailored to the user profile and the user loca-
tion (see right-hand side of PC and PDA user interfaces in Figure 1). 
Adaptation of the User Interface. The Presentation Adapter personalizes: (a) the 
amount of information displayed, according to the screen size of the user’s device; (b) 
the font size and background colour, according to context conditions (e.g., time of the 
day, movement or not) and user features (age, possible vision impairments, etc.). 
 
Fig. 1. UbiquiTO user interfaces: PC, on the left and PDA, on the right. 
Localization Strategies. In the UbiquiTO project we considered four methods to 
localize the user and in the current prototype we implemented the first two ones: 
1. User-driven localization. If the user is not equipped with a device supporting 
automatic positioning, like GPS, she has to provide the system with the coordi-
nates of the point she is closest to. The UbiquiTO UI offers two different ways to 
specify the user’s location: she can select a point from a list of items, or she can 
click on a sensitive map. The interaction with the map involves two steps, at dif-
ferent levels of detail: in the first step, the system shows the user a map represent-
ing the whole area (the center of Turin) and some of the most important points of 
interest in town (monuments, churches, etc.); in the second step, a more detailed 
map, representing a zoom of the previously selected area, is shown, containing a 
larger number of points of interest. In both cases, the user clicks on the point she is 
closest to, the system retrieves its coordinates from the places DB and computes 
the coordinates of the user position as approximately corresponding to those of the 
selected point. Notice that this form of localization may also be exploited by users 
to ask for information non current-location-dependent. 
2. Wireless LAN. If the user mobile terminal is equipped with a WiFi receiver and 
enters in wireless modality, her position can be computed on the basis of the sig-
nals received from the different access points within the area. This positioning 
method is rather precise, but it can be exploited only within areas covered by wire-
less LAN. We have planned to test this kind of localization method inside the En-
vironment Park (in Turin), in cooperation with INLAB (see [8]). 
3. GPS. In this case the tourist’s device contains a GPS receiver that enables the 
system to calculate the user position with great accuracy. Unfortunately, the GPS 
technology is affected by some limitations: its low diffusion; the slowness of the 
survey; the bad performance indoor. 
4. Network-based positioning. Mobile networks operators can compute the user posi-
tion quite precisely, on the basis of the distance of the user from the closest cell, 
even though the accuracy depends on the cells size (the smaller are the cells, the 
more accurate is the localization). Moreover, the main problem of this positioning 
method is represented by privacy restrictions, which in some countries, including 
Italy, prohibit telecom companies from releasing this kind of information. 
Independently of the elicitation method used, the user position is represented by a 
couple of coordinates. Given this information, the system retrieves, from the places 
DB, the coordinates of places to be recommended and calculates the distance between 
user position and every single place, in order to suggest the closest ones. 
4   Conclusions and related works 
In this paper we have presented UbiquiTO, an expert tourist guide for mobile users 
that adapts the content provided and the interaction to the user interest and physical 
location, as well as to the devices and context conditions. Mobile guides typically 
merge approaches from different fields. UbiquiTO borrows techniques from User 
Modelling and combines them with wireless technologies. The integration of different 
adaptation strategies is probably the most relevant aspect of UbiquiTO, since it sup-
ports a high flexibility, by adapting to heterogeneous factors. Several works in differ-
ent areas are significantly related to the project. Even restricting the analysis to mo-
bile guides, the number of systems developed since the first prototype, Cyberguide 
[1], is high (see Guide [4], Lol@ [11], Crumpet [10], Real [2], SmartKom [12], Deep 
Map [7], as a sample of the main ones). Therefore, we will take into consideration 
just those ones that are most comparable with the main features of our system. 
As said, the most important characteristic of UbiquiTO is its flexibility, due to the 
integration of device and location adaptation with adaptation to the user features. This 
combination enables the tourist to use her own mobile terminal, not necessarily 
equipped with specific positioning devices or client-side applications, and to benefit 
from the advantages of the adaptation. From this point of view, Crumpet [10] is 
probably the most relevant related project. It personalizes services to the user's cur-
rent location, interests, and history of interaction, on PDA and smart phones; it also 
adapts the presentation to changing technical environments and exploits GPS or other 
operator based technologies (e.g. GSM, UMTS) to localize the user. Guide [4] is 
another relevant project. It is a tourist guide for the city of Lancaster, adaptive to the 
location of the user, her walking speed, the places already visited, the time of the day 
and the language and interests of the user. The main lack of the system concerns the 
client device: Guide services may be accessed only using an ad hoc terminal rented at 
the Lancaster tourist office. Lol@ [11], a guide for the city of Vienna, is adaptive 
toward the device, but not toward the user features. It uses GPS as positioning tech-
nology and exploits a GIS system for the generation of the map. As in UbiquiTO, the 
layout is adapted using XSL stylesheets. In spite of its complex infrastructure, the 
lack of adaptivity toward the user interest, preferences and goals may compromise, as 
emphasized by [3], the possibility to enjoy the services in mobile environments. In 
term of flexibility, one last feature we would like to briefly discuss is the modality to 
elicit the user position. A good half of the outdoor systems uses GPS, while just a few 
allow the estimation of the position by interacting with the user. Guide, Lol@, Real 
and Deep Map are some examples of integration of alternative methods to elicit the 
user position [6]. As seen, one of the goals of UbiquiTO is to go in the same direc-
tion: the current prototype offers two modalities: layered maps and WiFi technology; 
in the next versions, we will experiment GPS modality and possibly Network-based 
solutions. A relevant aspect of the map is that it is built upon the concept of points of 
proximity which shares the principles of landmarks, already experimented in several 
contexts (see [9]). The main idea is that they represent relevant points in the user 
mental map and help the user to construct a mental representations of unfamiliar 
environments. 
The first version of UbiquiTO is currently ready to be tested. We have planned a 
layered evaluation of the system, aimed at testing both the adaptation of the content 
and the adaptation of the user interface. Many aspects will be improved in future 
versions. Different mobile devices will be taken into account (e.g., smart phones, on-
board equipments) and a larger set of services will be included. Moreover, in order to 
automatically update the user profiles, learning mechanisms will be studied and im-
plemented. Finally, localization mechanism exploiting GPS will be experimented. 
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